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7KH SXOVH EHHWOH Callosobruchus maculatus )DE
&ROHRSWHUD %UXFKLGDH LV D PDMRU SHVW RI
HFRQRPLFDOO\ LPSRUWDQW OHJXPLQRXV JUDLQV VXFK DV
FRZSHDV OHQWLOV JUHHQ JUDP DQG EODFN JUDP
7DOXNGHU DQG +RZVH  2NRQNZR DQG 2NR\H
 0XODWX DQG *HEUHPHGKLQ  5DMD HW DO
 3DUN HW DO  7KH ODUYDH ERUH LQWR WKH
SXOVH JUDLQ ZKLFK EHFRPH XQVXLWDEOH IRU KXPDQ
FRQVXPSWLRQ YLDELOLW\ IRU UHSODQWLQJ RU IRU WKH
SURGXFWLRQ RI VSURXWV 7KH\ DUH LPSRUWDQW SHVWV RI
SXOVH FURSV LQ $VLD DQG $IULFD XQGHU VWRUDJH
FRQGLWLRQV 2JXQZROX DQG ,GRZX  2NRQNZR
DQG 2NR\H  0XODWX DQG *HEUHPHGKLQ 
5DMD HW DO  $MD\L DQG /DOH  7DSRQGMRX HW
DO
6HULRXV SUREOHPV RI JHQHWLF UHVLVWDQFH E\ LQVHFW
VSHFLHV SHVW UHVXUJHQFH UHVLGXDO WR[LFLW\ SKRWR
WR[LFLW\ YHUWHEUDWH WR[LFLW\ ZLGHVSUHDG
HQYLURQPHQWDO KD]DUGV DQG LQFUHDVLQJ FRVWV RI
DSSOLFDWLRQ RI WKH SUHVHQWO\ XVHG V\QWKHWLF
SHVWLFLGHV KDYH GLUHFWHG WKH QHHG IRU HIIHFWLYH
ELRGHJUDGDEOH SHVWLFLGHV =HWWOHU DQG &XSHUXV
 *OHQQ HW DO  (ZHWH HW DO  *XHGHV
HW DO  7DOXNGHU DQG +RZVH  (OKDJ
 7KLV DZDUHQHVV KDV FUHDWHG ZRUOGZLGH
LQWHUHVW LQ WKH GHYHORSPHQW RI DOWHUQDWLYH
VWUDWHJLHV LQFOXGLQJ WKH UHH[DPLQDWLRQ RI XVLQJ
SODQW GHULYDWLYHV DJDLQVW DJULFXOWXUDOO\ LPSRUWDQW
LQVHFWSHVWV 3ODQWGHULYHG PDWHULDOV DUH PRUH
UHDGLO\ ELRGHJUDGDEOH 6RPH DUH OHVV WR[LF WR
PDPPDOV PD\ EH PRUH VHOHFWLYH LQ DFWLRQ DQG
PD\ UHWDUG WKH GHYHORSPHQW RI UHVLVWDQFH 7KHLU
PDLQ DGYDQWDJH LV WKDW WKH\ PD\ EH HDVLO\ DQG
FKHDSO\ SURGXFHG E\ IDUPHUV DQG VPDOOVFDOH
LQGXVWULHV DV FUXGH RU SDUWLDOO\ SXULILHG H[WUDFWV ,Q
WKH ODVW WZR GHFDGHV FRQVLGHUDEOH HIIRUWV KDYH EHHQ
GLUHFWHG DW VFUHHQLQJ SODQWV LQ RUGHU WR GHYHORS QHZ
ERWDQLFDO LQVHFWLFLGHV DV DOWHUQDWLYHV WR WKH H[LVWLQJ
LQVHFWLFLGHV ,W ZDV UHSRUWHG WKDW ZKHQ PL[HG ZLWK
VWRUHGJUDLQV OHDI EDUN VHHG SRZGHU RU RLO
H[WUDFWV RI SODQWV UHGXFH RYLSRVLWLRQ UDWH DQG
VXSSUHVV DGXOW HPHUJHQFH RI EUXFKLGV DQG DOVR
UHGXFHG VHHG GDPDJH UDWH 7DOXNGHU DQG +RZVH
 2QX DQG $OL\X  6KDD\D HW DO  .HLWD
HWDO 7DSRQGMRXHWDO
7KH SUHVHQW UHVHDUFK ZDV FDUULHG RXW WR GHWHUPLQH
WKH RYLSRVLWLRQ LQKLELWLRQ VXUIDFH SURWHFWDQW
UHVLGXDO WR[LFLW\ DQG GLUHFWWR[LFLW\ HIIHFWV RI VRPH
ORFDO SODQWZHHG GHULYDWLYHV DJDLQVW WKH SXOVH
EHHWOH C. maculates IHG RQ EODFN JUDP Vigna
mungo, VHHGV (IIHFWV RI WUHDWPHQWV RQ WKH YLDELOLW\
RIEODFNJUDPVHHGVZDVDOVRGHWHUPLQHG
Materials and Methods
([SHULPHQWV RQ WKH HIILFDF\ RI SODQW H[WUDFWV
SRZGHU DQG RLO DV RYLSRVLWLRQ LQKLELWRUV VXUIDFH
SURWHFWDQWV UHVLGXDO WR[LFDQWV DQG FRQWDFW
WR[LFDQWV DJDLQVW C. maculatus ZHUH FRQGXFWHG LQ
WKH ODERUDWRU\ RI WKH 'HSDUWPHQW RI (QWRPRORJ\
%DQJODGHVK $JULFXOWXUDO 8QLYHUVLW\ $OO LQVHFW
FXOWXUHV ZHUH PDLQWDLQHG LQ D JURZWK FKDPEHU LQ
WKH ODERUDWRU\ DW D WHPSHUDWXUH RI    &  
/' DQG ZLWK     5+ GXULQJ WKH H[SHULPHQWV
$OO H[SHULPHQWV ZHUH FRQGXFWHG LQ D JURZWK
FKDPEHUXQGHUWKHVDPHFRQGLWLRQV
Test plant materials
)UHVK SODQW OHDYHV RI QLVKLQGD Vitex negundo /
HXFDO\SWXV  Eucalyptus globules /DELOO DQG
EDQNDOPL Ipomoea sepiaria . VHHGV RI QHHP
Azadirachta indica / VDIIORZHU Carthamus
tinctorius / DQG VHVDPH Sesamum indicum /
ZHUH FROOHFWHG IURP WKH %DQJODGHVK $JULFXOWXUDO
8QLYHUVLW\ FDPSXV DQG QHLJKERULQJ DUHDV GXULQJ
WKH ZLQWHU VHDVRQV 1RYHPEHU  )HEUXDU\ ZDVKHG
DQG DLUGULHG LQ WKH VKDGH 'ULHG OHDYHV DQG VHHGV
ZHUH WKHQ JURXQG WR SRZGHU XVLQJ DQ HOHFWULF
JULQGHU 7KH SRZGHU H[WUDFW DQG RLO IURP QLVKLQGD
HXFDO\SWXV EDQNDOPL QHHP VHVDPH VDIIORZHU DQG
DVK RI EDEODK Acacia arabica / ZRRG ZHUH XVHG
LQ WKLV H[SHULPHQW $OO SODQW H[WUDFWV DQG VDIIORZHU
RLO ZHUH SUHSDUHG LQ WKH ODERUDWRU\ DV GHVFULEHG
EHORZ H[FHSW WKDW SXUH QHHP DQG VHVDPH RLO ZHUH
SXUFKDVHG
Test insects and maintenance
7KH SXOVH EHHWOH C. maculatus ) ZDV XVHG IRU WKH
SUHVHQW H[SHULPHQWV $ VPDOO SRSXODWLRQ RI C.
maculatus EHHWOHV ZDV REWDLQHG IURP DQ
HQWRPRORJ\ ODERUDWRU\ VWRFN 7KH\ ZHUH UHDUHG DQG
EUHG XQGHU ODERUDWRU\ FRQGLWLRQV RQ GLHW RI WKH
VHHGV RI EODFN JUDP Vigna mungo LQVLGH D JURZWK
FKDPEHU DW    & ZLWK /'   DQG    
5+
,QLWLDOO\  SDLUV RI  GD\ROG DGXOWV ZHUH SODFHG
LQ D MDU FRQWDLQLQJ EODFN JUDP VHHGV 7KH MDUV ZHUH
VHDOHG DQG D PD[LPXP RI  GD\V ZHUH DOORZHG IRU
PDWLQJ DQG RYLSRVLWLRQ 7KHQ SDUHQW VWRFNV ZHUH
UHPRYHG DQG EODFN JUDP VHHGV FRQWDLQLQJ HJJV ZDV
WUDQVIHUUHG WR IUHVK EODFN JUDP VHHGV LQ WKH
EUHHGLQJ MDUV WKDW ZHUH FRYHUHG ZLWK SLHFHV RI FORWK
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-RXUQDORI,QVHFW6FLHQFH9RO$UWLFOH IDVWHQHG ZLWK UXEEHU EDQGV WR SUHYHQW WKH
FRQWDPLQDWLRQ DQG HVFDSH RI LQVHFWV 7KH
VXEVHTXHQW SURJHQLHV RI WKH EHHWOHV ZHUH XVHG IRU
DOOH[SHULPHQWV
Sample preparation of test plants
3RZGHU DQG GXVW SUHSDUDWLRQV RI OHDYHV ZHUH PDGH
E\ VHSDUDWHO\ JULQGLQJ DSSUR[LPDWHO\ J RI
OHDYHV RI QLVKLQGD HXFDO\SWXV DQG EDQNDOPL LQ DQ
HOHFWULF JULQGLQJ PDFKLQH 7KH UHVXOWLQJ SRZGHU
ZDV SDVVHG WKURXJK D PHVK VLHYH WR REWDLQ D ILQH
GXVW
$FHWRQH H[WUDFWV ZHUH SUHSDUHG DFFRUGLQJ WR WKH
PHWKRG RI 7DOXNGHU DQG +RZVH  ZLWK
PRGLILFDWLRQV 7HQ JUDPV RI JURXQG OHDYHV RI
QLVKLQGD HXFDO\SWXV DQG EDQNDOPL ZHUH VHSDUDWHO\
PL[HG ZLWK  PO DFHWRQH DQG VWLUUHG IRU 
PLQXWHV XVLQJ D PDJQHWLF VWLUUHU DQG WKHQ OHIW WR
VWDQG IRU  KRXUV 7KH PL[WXUH ZDV WKHQ ILOWHUHG
WKURXJK :KDWPDQ  SDSHU DQG WKH VROLGV ZHUH
VWLUUHG DJDLQ IRU  PLQXWHV ZLWK  PO RI DFHWRQH
DQG ILOWHUHG DQG WKH ILOWUDWHV ZHUH FRPELQHG 7KH
VROYHQW IURP WKH SRROHG ILOWHUHG VROXWLRQ ZDV
HYDSRUDWHG LQ D ZDWHU EDWK DW  & $IWHU FRPSOHWH
HYDSRUDWLRQ RI VROYHQWV WKH ILQDO FUXGH H[WUDFWV
ZHUH ZHLJKHG  J QLVKLQGD  J HXFDO\SWXV
DQG  J EDQNDOPL DQG SUHVHUYHG LQ VHDOHG
ERWWOHV LQ D UHIULJHUDWRU DW  & XQWLO XVHG IRU LQVHFW
ELRDVVD\V
7R SUHSDUH WKH RLO H[WUDFW RI VDIIORZHU VHHGV RQH NJ
RI VHHGV ZDV JURXQG LQ EOHQGHU DQG VRDNHG
RYHUQLJKW LQ ZDWHU 7KH VRDNHG VHHGV ZHUH ERLOHG
IRU  KRXUV DQG FRROHG 6FXPV WKDW IRUPHG RYHU WKH
OLTXLG ZHUH FROOHFWHG FDUHIXOO\ OHDYLQJ WKH UHVLGXH
EHORZ 7KH FROOHFWHG VFXP ZDV ERLOHG IRU H[WUDFWLRQ
RI RLOV 7KH SXUH QHHP DQG VHVDPH RLO ZHUH
SXUFKDVHGIURPWKHORFDOPDUNHW
%DEODK ZRRG ZDV EXUQHG LQ D FOHDQ RYHQ WR SURGXFH
DVK $IWHU FRROLQJ WKH DVK ZDV SXW LQ VHDOHG MDU WR
SUHYHQW WKH DEVRUSWLRQ RI DLU PRLVWXUH $ 
PGLDPHWHUVLHYHZDVXVHGWRREWDLQILQHDVK
Oviposition inhibition effects
/DERUDWRU\ WHVWV IRU RYLSRVLWLRQ LQKLELWLRQ HIIHFWV
ZHUH FRQGXFWHG DFFRUGLQJ WR WKH PHWKRG RI
7DOXNGHU DQG +RZVH  ZLWK VRPH
PRGLILFDWLRQV :KDWPDQ ILOWHU SDSHU GLVNV  PP
LQ GLDPHWHU ZHUH VRDNHG LQ D  RU  VROXWLRQ RI
DQ H[WUDFW DQG DLUGULHG IRU DQ KRXU 7KH FRQWURO
ILOWHU SDSHUV ZHUH WUHDWHG ZLWK DFHWRQH RQO\ 7KH
WUHDWHG DQG FRQWURO ILOWHU SDSHU GLVFV ZHUH SODFHG
VLQJO\ DW WKH ERWWRP RI 3HWUL GLVKHV  PP
GLDPHWHU DQG J RI EODFN JUDP VHHGV ZHUH SODFHG
RQ WKH SDSHUV )LYH SDLUV  IHPDOH DQG  PDOH RI C.
maculatus EHHWOHV ZHUH UHOHDVHG LQ HDFK 3HWUL GLVK
ZKLFK ZDV FRYHUHG IRU WKH QH[W  GD\V DOORZLQJ
WKHPWROD\HJJV
7KH DGXOWV ZHUH WKHQ UHPRYHG DQG WKH IROORZLQJ
GDWDZHUHUHFRUGHG
7RWDOQXPEHURIVHHGVLQHDFK3HWULGLVK
1XPEHURIHJJVSHUVHHGVLQHDFK3HWULGLVK
1XPEHU RI ) DGXOWV HPHUJHG LQ HDFK 3HWUL GLVK
IURPGD\
 GD\V DIWHU WKH VHWXS WKH IROORZLQJ GDWD ZHUH
UHFRUGHG
3HUFHQWDJH RI HJJV KDWFKLQJ   7RWDO HJJ KDWFK
7RWDOHJJVLQHDFK3HWULGLVK[
,QKLELWLRQ UDWHV ,5   >&Q 7Q  &Q@ [  :KHUH
&Q   1XPEHU RI LQVHFWV LQ FRQWURO GLVK DQG 7Q
 1XPEHURILQVHFWVLQWUHDWHGGLVK
Surface protectant effects
7KH WHVWV IRU VXUIDFH SURWHFWDQW HIIHFWV ZHUH
FRQGXFWHG DFFRUGLQJ WR WKH PHWKRG RI 7DOXNGHU DQG
+RZVH  ZLWK VRPH PRGLILFDWLRQV 'LOXWHG RLO
RI QHHP VHVDPH DQG VDIIORZHU ZHUH VHSDUDWHO\
PL[HG ZLWK EODFN JUDP VHHG DW WKH UDWLR RI  
 DQG  PONJ VHHG 7KH RLOV ZHUH GLOXWHG ZLWK
SHWUROHXP HWKHU &RQLFDO IODVNV FRQWDLQLQJ  J RI
VHHGV DQG RLO PL[WXUH ZHUH VKDNHQ PDQXDOO\ XQWLO
WKH VHHGV ZHUH XQLIRUPO\ FRDWHG $IWHU VKDNLQJ
VHHGV ZHUH WDNHQ RXW DQG DLUGULHG IRU RQH KRXU WR
HYDSRUDWH WKH SHWUROHXP HWKHU 7HQ JUDPV RI
WUHDWHG RU FRQWURO VHHGV ZHUH SXW LQWR HDFK SODVWLF
SRW  FP KHLJKW [  FP GLDPHWHU )LYH SDLU 
IHPDOH DQG  PDOH RI SXOVH EHHWOH ZHUH UHOHDVHG LQ
HDFK SRW ZKLFK ZHUH FORVHG ZLWK D OLG IRU GD\V WR
DOORZ WKHP WR RYLSRVLW 7KH DGXOWV ZHUH WKHQ
UHPRYHG IURP WKH SRWV DQG GDWD ZHUH UHFRUGHG DV
GHVFULEHGLQWKHSUHYLRXVVHFWLRQ
Direct toxicity by dipping method
7KH OHDI H[WUDFWV RI QLVKLQGD HXFDO\SWXV DQG
EDQNDOPL ZHUH GLOXWHG ZLWK DFHWRQH WR PDNH  
DQG  VROXWLRQV )LYH SDLU RI DGXOW LQVHFWV  GD\
ROG ZHUH SODFHG DW WKH FHQWHU RI D SLHFH RI ILOWHU
SDSHU DQG WKH SDSHU ZDV WZLVWHG WR HQFORVH WKHP
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VROXWLRQ IRU  VHFRQGV 7KH LQVHFWV ZHUH UHPRYHG
DLUGULHG DQG UHWXUQHG WR 3HWUL GLVKHV FRQWDLQLQJ 
J RI EODFN JUDP VHHGV )RXU UHSOLFDWLRQV ZHUH PDGH
IRU HDFK GRVH 0RUWDOLW\ ZDV REVHUYHG   DQG 
KRXUV DIWHU WUHDWPHQW ,QVHFWV ZHUH H[DPLQHG GDLO\
DQG WKRVH WKDW GLG QRW PRYH RU UHVSRQG WR JHQWOH
WRXFK ZHUH FRQVLGHUHG GHDG ,QVHFW PRUWDOLW\ GDWD
ZHUH FRUUHFWHG E\ $EERWW
V IRUPXOD 
WUDQVIRUPHG LQWR DUFVLQ ¥SHUFHQWDJH YDOXHV EHIRUH
$129$ DQG WKHQ DQDO\]HG XVLQJ $129$ 	
'XQFDQ
V PXOWLSOH UDQJH WHVW 'XQFDQ  7KH
FRQFHQWUDWLRQ  PRUWDOLW\ OLQHV ZHUH FDOFXODWHG
XVLQJ SURELW DQDO\VLV )LQQH\  ZLWK D ORJ
WUDQVIRUPDWLRQ RI FRQFHQWUDWLRQV RI SODQW H[WUDFWV
7KH UHVXOWV ZHUH H[SUHVVHG DV FRQFHQWUDWLRQ 
SHU LQVHFW 7ZR /&V ZHUH FRQVLGHUHG WR EH
VLJQLILFDQWO\ GLIIHUHQW 3   LI WKHLU 
ILGXFLDO OLPLWV GLG QRW RYHUODS VORSHV ZHUH VLPLODUO\
FRQVLGHUHG WR EH VLJQLILFDQWO\ GLIIHUHQW LI WKHLU
VWDQGDUGHUURUVGLGQRWRYHUODS
Residual toxicity test
$ UHVLGXDO WR[LFLW\ WHVW ZDV FRQGXFWHG DFFRUGLQJ WR
WKH PHWKRG RI 7DOXNGHU DQG +RZVH  ZLWK
VRPH PRGLILFDWLRQV *URXQG OHDI SRZGHUV RI
QLVKLQGD HXFDO\SWXV EDQNDOPL DQG EDEODK DVK
ZHUH PL[HG ZLWK EODFN JUDP DW WKH UDWH RI  DQG
 ZZ 7KH WUHDWHG IRRGV ZHUH WKHQ SXW LQWR
VHSDUDWH SODVWLF SRWV  FP  FP VR WKDW HDFK SRW
FRQWDLQHG  J RI EODFN JUDP VHHGV )RXU
UHSOLFDWLRQV ZHUH PDGH RI HDFK GRVH )LYH SDLU RI
DGXOW EHHWOHV ZHUH LQWURGXFHG DW WKH FHQWHU RI WKH
SRW FRQWDLQLQJ WKH VHHGV DQG FORVHG ZLWK D FRYHU IRU
 GD\V WR DOORZ WKHP WR RYLSRVLW 7KH FRQWURO SRWV
FRQWDLQHG XQWUHDWHG EODFN JUDP VHHGV 7KH DGXOWV
ZHUH WKHQ UHPRYHG IURP WKH SRWV 7KH IROORZLQJ
REVHUYDWLRQVZHUHUHFRUGHG
1XPEHU RI ) DGXOW HPHUJLQJ IURP HDFK SRW IURP
GD\WRGD\
6HHG GDPDJH UDWH IURP WKH UDQGRP VDPSOH RI 
VHHGVDWWKHHQGRIWKHH[SHULPHQW
,QKLELWLRQUDWHVDVGHVFULEHGDERYH
3HUFHQWDJH VHHG ZHLJKW ORVV   >81G '1X 8 1G 
1X@ [  ZKHUH 8   :HLJKW RI XQGDPDJHG
JUDLQ '   :HLJKW RI GDPDJHG JUDLQ 1G  
1XPEHU RI GDPDJHG VHHGV DQG 1X   1XPEHU
RIXQGDPDJHGVHHGV
Seed germination test
7KH YLDELOLW\ RI WUHDWHG DQG FRQWURO VHHGV ZHUH
WHVWHG  PRQWKV DIWHU WKH RLO DSSOLFDWLRQ )RU WKLV
DVVD\ EODFN JUDP VHHGV ZHUH VHSDUDWHO\ WUHDWHG
ZLWK WKH QHHP VDIIORZHU RU VHVDPH RLO DW WKH UDWH RI
 PO RLO SHU NJ VHHGV  YZ 7KH FRQWURO VHHGV
ZHUH WUHDWHG ZLWK WKH VROYHQW EXW QR RLO RU VROYHQW
ZDV DSSOLHG WR WKH XQWUHDWHG VHHGV 7KH WUHDWHG DQG
FRQWURO VHHGV ZHUH DLUGULHG IRU  KRXUV 7KHQ 
VHHGV IURP HDFK WUHDWHG FRQWURO RU XQWUHDWHG JURXS
ZHUH SODFHG VHSDUDWHO\ LQ JODVV MDUV XQGHU
ODERUDWRU\ FRQGLWLRQV EXW ZLWKRXW LQVHFWV IRU 
PRQWKV (DFK WUHDWPHQW ZDV UHSOLFDWHG IRXU WLPHV
7KH JHUPLQDWLRQ RI VHHG ZDV HYDOXDWHG IRU HDFK
WUHDWPHQW (DFK JURXS RI VHHGV ZDV SODFHG RQ PRLVW
ILOWHU SDSHU LQ 3HWUL GLVKHV 7KH GLVKHV ZHUH NHSW LQ
D LQFXEDWRU DW  & DQG  /' FRQGLWLRQV 7KH
GLVKHV ZHUH REVHUYHG IRU WKH JHUPLQDWLRQ RI VHHGV
IRU WKH QH[W WZR PRQWKV 6HHG TXDOLWLHV ZHUH MXGJHG
E\WDVWLQJDQGVPHOOLQJWKHWUHDWHGVHHGV
Statistical analysis
'DWD ZHUH DQDO\]HG XVLQJ D WZR IDFWRU FRPSOHWHO\
UDQGRPL]HG GHVLJQ XVLQJ WKH GLIIHUHQW SODQW
H[WUDFWV DQG UDWHV RI DSSOLFDWLRQ DV WKH WZR IDFWRUV
0HDQ YDOXHV ZHUH DGMXVWHG E\ 'XQFDQ
V 0XOWLSOH
5DQJH WHVW 'XQFDQ  )RU PRUWDOLW\ WHVWV
RULJLQDO GDWD ZHUH FRUUHFWHG E\ $EERWW
V 
IRUPXOD WUDQVIRUPHG LQWR DUFVLQ 	 SHUFHQWDJH
YDOXHV DQG WKHQ GDWD ZHUH DQDO\]HG E\ SURELW
DQDO\VLV)LQQH\
Results
Oviposition inhibition effects of acetone
extracts
7KH HIIHFWV RI GLIIHUHQW SODQW DFHWRQH H[WUDFWV RQ
RYLSRVLWLRQDUHJLYHQLQ 7DEOH
7KH HIIHFWV RI GLIIHUHQW H[WUDFWV RQ SXOVH EHHWOHV
ZHUH HYDOXDWHG E\ FRPSDULQJ WKH WRWDO QXPEHU RI
HJJV ODLG HJJ KDWFKLQJ SHUFHQWDJH DQG LQKLELWLRQ
UDWHV LQ WKH WUHDWHG DQG FRQWURO EODFN JUDP VHHGV
7KH ORZHVW QXPEHU RI HJJV ZHUH ODLG LQ WKH IRRG
WUHDWHG ZLWK QLVKLQGD IROORZHG E\ HXFDO\SWXV DQG
EDQNDOPL DW DQ H[WUDFW FRQFHQWUDWLRQ RI  7KH
ORZHVW KDWFKLQJ UDWH ZDV IRXQG DIWHU WUHDWPHQW ZLWK
EDQNDOPL DQG QLVKLQGD OHDI H[WUDFW 6LPLODU WUHQGV
ZHUH QRWHG IRU WKH  PL[WXUH 7KH KLJKHVW
RYLSRVLWLRQ LQKLELWLRQ UDWH ZDV UHFRUGHG LQ IRRG
WUHDWHG ZLWK QLVKLQGD IROORZHG E\ HXFDO\SWXV DQG
EDQNDOPL 6LPLODU WUHQGV ZHUH QRWHG IRU WKH 
PL[WXUH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO$UWLFOH Table 1. (IIHFWVRIGLIIHUHQWDFHWRQHH[WUDFWVRQRYLSRVWLRQRIWKHSXOVHEHHWOH Callosobruchus maculatus
Name of Plant extract Total number of eggs laid Number of hatched larvae Hatching inhibition rate (%)**

     
1LVKLQGD E E E F D D
(XFDO\SWXV E D DE E E E
%DQNDOPL DE D E DE E E
&RQWURO D D D D  
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6(0 6WDQGDUGHUURURIPHDQ
Surface protectant effect of different oils
7KH HIIHFWV RI WUHDWLQJ WKH VXUIDFH RI WKH EODFN JUDP
VHHGV ZLWK RLOV RI QHHP VDIIORZHU DQG VHVDPH RLO RQ
C. maculates ZDV LQYHVWLJDWHG E\ FRPSDULQJ WKH
QXPEHU RI ) DGXOW HPHUJHG WKH WRWDO QXPEHU RI
HJJV ODLG KDWFKLQJ SHUFHQWDJH DQG LQKLELWLRQ UDWH
XVLQJ GRVHV RI    DQG  SODQW RLOV
7DEOH  $W D FRQFHQWUDWLRQ RI  WKH ORZHVW
QXPEHUV RI ) DGXOWV HPHUJHG IURP VHHGV WUHDWHG
ZLWK QHHP RLO IROORZHG E\ VDIIORZHU RLO 7KH
PLQLPXP QXPEHUV RI WRWDO HJJV ZHUH ODLG LQ WKH
EODFN JUDP VHHGV WUHDWHG ZLWK  QHHP RLO DQG
VDIIORZHU RLO 7KH ORZHVW SHUFHQWDJH RI HJJV
KDWFKLQJ RFFXUUHG IURP VHHGV WUHDWHG ZLWK 
VHVDPH RLO IROORZHG E\ QHHP RLO 7KH KLJKHVW
LQKLELWLRQ UDWH ZDV FRXQWHG IURP WKH VHHGV WUHDWHG
ZLWK  QHHP RLO IROORZHG E\ VDIIORZHU RLO
+LJKHU FRQFHQWUDWLRQV RI RLO H[WUDFW VHYHUHO\
UHGXFHGHPHUJHQFHKDWFKLQJDQGRYLSRVLWLRQ
Residual toxicity of powders and ash
7KH HIILFDF\ RI GLIIHUHQW SRZGHUV DQG EDEODK ZRRG
DVK DV JUDLQ SURWHFWDQWV ZDV HYDOXDWHG DJDLQVW C.
maculates E\ FRPSDULQJ WKH QXPEHU RI HPHUJHG )
SURJHQ\ VHHG GDPDJH UDWH ZHLJKW ORVV SHUFHQWDJH
DQG LQKLELWLRQ UDWHV 7DEOH  )HPDOH EHHWOHV ZHUH
GHWHUUHG IURP RYLSRVLWLQJ LQ EODFN JUDP VHHGV
WUHDWHG ZLWK OHDI SRZGHUV RI QLVKLQGD HXFDO\SWXV
EDQNDOPL DQG EDEODK ZRRG DVK DSSOLHG DW WKH UDWH
RI  DQG  ZZ $W UDWHV RI  DQG   EDEODK
ZRRG DVK DQG QLVKLQGD SRZGHU KDG VLPLODU HIIHFWV
RQ ) SURJHQ\ VHHG GDPDJH ZHLJKW ORVV DQG
LQKLELWLRQUDWHV
Direct toxicity effects of acetone extracts
,QVHFW PRUWDOLW\ DW   DQG  KRXUV DIWHU
WUHDWPHQW GXH WR GLUHFW WR[LFLW\ RI DFHWRQH H[WUDFWV
RI QLVKLQGD HXFDO\SWXV DQG EDQNDOPL OHDYHV RQ C.
maculates, ZDV HYDOXDWHG DW WKUHH GLIIHUHQW UDWHV 
 DQG  7DEOH  7KH RUGHU RI WR[LFLW\ RI WKH
WKUHH H[WUDFWV RQ SXOVH EHHWOH ZDV QLVKLQGD !
HXFDO\SWXV ! EDQNDOPL 0RUWDOLW\ SHUFHQWDJHV ZHUH
GLUHFWO\ SURSRUWLRQDO WR WKH H[WUDFW FRQFHQWUDWLRQV
DQGDOVRZLWKWLPHDIWHUWUHDWPHQW
Table 2. 6XUIDFHSURWHFWDQWHIIHFWRIGLIIHUHQWRLOVYZRQWKHSXOVHEHHWOH Callosobruchus maculatus
Name of oil and extract conc. Total number of eggs laid Egg hatch % Number of F1 adults emerged IR Inhibiton rate (%)
1HHP
 F E F D
 F D F D
 F E E D
 F E E D
6DIIORZHU
 F D EF E
 F D F D
 EF E E D
 EF E E D
6HVDPH
 E E E F
 E D E E
 E E E D
 E E E D
&RQWURO D E D 
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6(0 6WDQGDUGHUURURIPHDQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO$UWLFOH Table 3. 5HVLGXDOWR[LFLW\RIGLIIHUHQWSRZGHUHGOHDYHVDQGZRRGDVKRQWKHSXOVHEHHWOH Callosobruchus maculatus
Inhibition rates Seed damage rate Seed weight loss*
Name of powder Number of F1 adult emerged
  
       
1LVKLQGD F F E DE F F F EF
(XFDO\SWXV F F EF EF EF EF EF E
%DQNDOPL E E F F E E E E
%DEODK G G D D G G G F
&RQWURO D D   D D D D
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6(0 6WDQGDUGHUURURIPHDQ
Table 4. 'LUHFWWR[LFLW\HIIHFWE\GLSSLQJPHWKRGRI
GLIIHUHQWDFHWRQHH[WUDFWVRQSXOVHEHHWOH Callosobruchus
maculatus )
Insect mortality rate (%) at
Name of the plant extract Dose (%)
24 HAT 48 HAT 72 HAT
 DEFG DE EF
  
 DE D DEF
  
 D D D
1LVKLQGD
  
 EFG E FG
  
 DEFG DE EF
  
 DEF DE DE
(XFDO\SWXV
  
 G E G
  
 FG E EFG
  
 DEFG DE DEF
%DQNDOPL
  
6[YDOXHV   

7KHRULJLQDOLQVHFWPRUWDOLW\GDWDZHUHFRUUHFWHGE\$EERWW
V
IRUPXODDQGWKHQWUDQVIRUPHGLQWRDUFVLQ¥SHUFHQWDJHYDOXHV
EHIRUH$129$DQG'057WHVW

7KHILJXUHVLQSDUHQWKHVHVUHSUHVHQWWUDQVIRUPHGDUFVLQ
¥SHUFHQWDJHGDWD

9DOXHVIROORZHGE\GLIIHUHQWOHWWHUVZLWKLQDFROXPQDUH
VLJQLILFDQWO\GLIIHUHQWDWWKHOHYHORISUREDELOLW\'XQFDQ
V
PXOWLSOHUDQJHWHVW

+$7 +RXUVDIWHUWUHDWPHQW

6[ 6WDQGDUGHUURURIPHDQ
Probit analysis of the effects of acetone
extracts
7KH SURELW VWDWLVWLFV HVWLPDWH RI /& DQG WKHLU
 ILGXFLDO OLPLWV DQG WKH VORSH RI UHJUHVVLRQ OLQHV
IRU   DQG  KRXUV DIWHU WUHDWPHQW DUH
SUHVHQWHG LQ 7DEOH  )URP SURELW DQDO\VLV DW  
DQG  KRXUV DIWHU WUHDWPHQW LW ZDV IRXQG WKDW WKH
QLVKLQGD H[WUDFW ZDV WKH PRVW WR[LF IROORZHG E\
EDQNDOPL H[WUDFW 7DEOHV $& 7KH EDQNDOPL
H[WUDFW KDG WKH ORZHVW WR[LF RQ C. maculates7 K H
H[WUDFW RI QLVKLQGD KDG WKH KLJKHVW WR[LF HIIHFWV
DJDLQVW SXOVH EHHWOH DQG ORZHVW /& YDOXHV +LJKHU
FRQFHQWUDWLRQV FRQWULEXWHG PRUH VLJQLILFDQWO\ WR
WKH HIILFDF\ RI H[WUDFWV RQ WKH PRUWDOLW\ RI C.
maculates DQG WKH\ DSSHDUHG WR EH WKH PRVW
LPSRUWDQW IDFWRUV LQ WKH GHJUHH RI FRQWURO REWDLQHG
ZLWKGLIIHUHQWSODQWH[WUDFWV
:KHQ SURELW UHJUHVVLRQ OLQHV RI WKH WKUHH GLIIHUHQW
H[WUDFWV ZHUH FDOFXODWHG WKH\ VKRZHG D OLQHDU
UHODWLRQVKLS EHWZHHQ PRUWDOLW\ SHUFHQWDJH DQG
H[WUDFW FRQFHQWUDWLRQ DW   DQG  KRXUV DIWHU
WUHDWPHQW )URP WKH DQDO\VLV WKH UHJUHVVLRQ OLQH
HTXDWLRQV DW  KRXUV DIWHU WUHDWPHQW ZHUH <  
  ; IRU QLVKLQGD H[WUDFW <    
; IRU HXFDO\SWXV H[WUDFW DQG <    
; IRU EDQNDOPL H[WUDFW $W  KRXUV DIWHU
WUHDWPHQW WKH UHJUHVVLRQ OLQH HTXDWLRQV ZHUH
FDOFXODWHG DV <    ; IRU QLVKLQGD
H[WUDFW <     ; IRU HXFDO\SWXV H[WUDFW
DQG <    ; IRU EDQNDOPL H[WUDFW $W 
+$7 WKH UHJUHVVLRQ OLQH HTXDWLRQV ZHUH FDOFXODWHG
DV <    ; IRU QLVKLQGD H[WUDFW <  
  ; IRU HXFDO\SWXV H[WUDFW DQG <   
 ; IRU EDQNDOPL H[WUDFW &RPSDULQJ DOO
UHJUHVVLRQ OLQHV DW   DQG  KRXUV DIWHU
WUHDWPHQW WKH UHJUHVVLRQ OLQHV IRU QLVKLQGD H[WUDFW
VKRZHG KLJKHU SURELW PRUWDOLW\ LQ HYHU\ FDVH 7KH
EDQNDOPL WUHDWPHQW ZDV PRUH HIIHFWLYH DW SURYLGLQJ
LPPHGLDWH FRQWURO RI C. maculates EXW LWV
HIIHFWLYHQHVV GHFUHDVHG RYHU WLPH ,Q FRQWUDVW
QLVKLQGD EHFDPH PRUH HIIHFWLYH ZLWK LQFUHDVHG
WLPH
Effect of different plant oils on seed
germination
$OO WKH WUHDWHG DQG FRQWURO VHHGV ZHUH DV YLDEOH DV
WKHXQWUHDWHGVHHGV7DEOH
Discussion
Effects of treated food on oviposition
%KXL\DQ DQG 4XLQLRQHV  UHSRUWHG WKDW
QLVKLQGD OHDI SRZGHU HIIHFWLYHO\ SUHYHQWHG
RYLSRVLWLRQ E\ WKH FRUQ ZHHYLO 7DOXNGHU DQG +RZVH
 VKRZHG WKDW WKH DGPL[WXUH RI IRRG ZLWK
SLWKUDM OHDI EDUN DQG VHHG SRZGHU UHGXFHG WKH
RYLSRVLWLRQ UDWHV RI WKH SXOVH EHHWOH 6ULYDVWDYD et
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO$UWLFOH Table 5. 3URELWDQDO\VLVIRUGLUHFWWR[LFLW\DWDQGKRXUVDIWHUGLSSLQJDSSOLFDWLRQRIGLIIHUHQWDFHWRQHH[WUDFWV
WRSXOVHEHHWOHV Callosobruchus maculatus
Name of extract No.of insects used LC50 (%) 95% fiducial limit Slope ± SE Goodness of fit chi squared* Slope ± SE
$$W+$7
1LVKLQGD   [   
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%$W+$7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1LVKLQGD      
(XFDO\SWXV   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 
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9DOXHVZHUHEDVHGRQWKUHHFRQFHQWUDWLRQVIRXUUHSOLFDWLRQVRILQVHFWVHDFK
$OOGDWDZHUHWUDQVIRUPHGE\WKHORJWUDQVIRUPDWLRQEHIRUHDQDO\VLV

7KHFDOFXODWHGYDOXHRIFKLVTXDUHGLVGI 3
al UHSRUWHG WKDW HXFDO\SWXV RLO HIIHFWLYHO\
SUHYHQWHG WKH RYLSRVLWLRQ RI LQVHFWV 0XODWX DQG
*HEUHPHGKLQ  VKRZHG WKDW WKH RLOV RI A.
indica Milletiaie ferruginea DQG Chrysanthemum
cineraraefolium ZHUH WKH PRVW HIIHFWLYH LQ SDUWLDOO\
RU FRPSOHWHO\ SUHYHQWLQJ HJJ OD\LQJ DQG SXOVH
EHHWOHV HPHUJHQFH IURP WKH ODLG HJJV /DOH DQG
0XVWDSKD  IRXQG QR VLJQLILFDQW GLIIHUHQFH LQ
WKHHIILFDF\RIQHHPVHHGRLODQGSLULPLSKRVPHWK\O
Table 6. (IIHFWRIGLIIHUHQWSODQWRLOVPONJRQEODFN
JUDPVHHGYLDELOLW\
Name of oil Number of treated seeds Germination percentage
1HHP  
6DIIORZHU  
6HVDPH  
&RQWURO
  
8QWUHDWHG

  

,QFRQWUROVHHGVZHUHWUHDWHGZLWKVROYHQWRQO\


,QXQWUHDWHGVHHGVZHUHQRWWUHDWHGZLWKDQ\VROYHQW
LQ UHGXFLQJ RYLSRVLWLRQ RI C. maculatus DGXOW
HPHUJHQFH RU VHHG GDPDJH UDWHV LQ WUHDWHG
FRZSHDV (OKDJ  WHVWHG H[WUDFWV IURP QLQH
SODQW PDWHULDOV DV RYLSRVLWLRQ GHWHUUHQWV DJDLQVW C.
maculatus DQG IRXQG WKDW SXOVH WUHDWHG ZLWK
Rhazya stricta OHDYHV QHHP VHHGV Heliotropium
bacciferum DHULDO SDUWV DQG FLWUXV SHHOV DFWHG DV
KLJKHVW RYLSRVLWLRQDO GHWHUUHQWV 7DSRQGMRX et al
 VKRZHG WKDW WKH GU\ JURXQG OHDI RI
Chenopodium ambrosioides LQKLELWHG ) SURJHQ\
SURGXFWLRQ DQG DGXOW HPHUJHQFH RI WKH C. chinensis
DQG C. maculatus 7KHVH UHVXOWV DUH LQ JHQHUDO
DJUHHPHQWZLWKRXUILQGLQJV
Effects of oil extracts
2LOV RI PXVWDUG VXQIORZHU VDIIORZHU FDVWRU DQG
FRWWRQ DFWHG DV VXUIDFH SURWHFWDQWV DJDLQVW C.
maculates SRSXODWLRQ JURZWK E\ UHGXFLQJ WKH VHHG
GDPDJH UDWH DQG WKH QXPEHU RI ) DGXOWV WKDW
HPHUJHG .HWNHU  REVHUYHG WKDW GLIIHUHQW RLOV
RI QHHP FRFRQXW DQG FDVWRU DFWHG DV VXUIDFH
SURWHFWDQWV RQ JUHHQ JUDP WR FKHFN WKH SXOVH EHHWOH
DQG DPRQJ WKHP QHHP RLO ZDV WKH EHVW VXUIDFH
SURWHFWDQW 5DP]DQ  UHSRUWHG WKDW FRWWRQ
VHHG VXQIORZHU JURXQGQXW VR\EHDQ DQG PXVWDUG
RLOV ZKHQ PL[HG ZLWK FRZSHD FRPSOHWHO\
VXSSUHVVHG DGXOW HPHUJHQFH RI C. maculates
6KDD\D et al  UHSRUWHG WKDW HGLEOH RLOV DUH
SRWHQWLDO FRQWURO DJHQWV DJDLQVW C. maculatus DQG
FDQ SOD\ DQ LPSRUWDQW UROH LQ VWRUHGJUDLQ
SURWHFWLRQ $KPHG et al  IRXQG WKDW WKH
QHHP DQG VHVDPH RLOV FRPSOHWHO\ LQKLELWHG DGXOW
HPHUJHQFH DQG DSSHDUHG WR EH PRVW SURPLVLQJ DV D
VHHG SURWHFWDQW DJDLQVW C. chinensis <DODPDQFKLOOL
DQG 3XQXNROOX  REVHUYHG WKDW WKH YRODWLOH RLO
IURP WKH OHDYHV RI Curcuma domestica FRXOG
HIIHFWLYHO\ SURWHFW WKH VHHGV DJDLQVW C. chinensisD W
D ORZ FRQFHQWUDWLRQ ,Q RXU SUHVHQW H[SHULPHQW
QHHP RLO ZDV WKH EHVW SURWHFWDQW IROORZHG E\ WKH
VHVDPHRLO
Residual toxicity
0XHNH DQG $SXXOL  IRXQG WKDW DVK PL[HG
ZLWK FRZSHD VHHGV JDYH VDWLVIDFWRU\ FRQWURO RI C.
maculatus %LRHIILFDF\ UHVXOWV IURP /RODJH DQG
3DWLO  VKRZHG WKDW QHHP NDUDQM FDVWRU
JURXQGQXW DQG PXVWDUG RLOV VLJQLILFDQWO\ UHGXFHG
VHHG GDPDJH UDWH IURP C. maculatus LQIHVWDWLRQ
6HFN  UHSRUWHG WKDW Securida
longepedunculata OHDI SRZGHU UHGXFHG RU
FRPSOHWHO\ LQKLELWHG ERWK HPHUJHQFH RI ) SURJHQ\
RI C. maculatus DQG VHHG GDPDJH $KPHG et al
 VKRZHG WKDW DIWHU WKUHH GD\V RI UHOHDVH
 RI WKH C. chinensis DGXOWV ZHUH IRXQG GHDG RQ
QHHP RLOWUHDWHG EHDQV 5DMD et al  UHSRUWHG
WKDW ZKHQ MXWH EDJV WUHDWHG ZLWK GLIIHUHQW SODQW OHDI
H[WUDFWV LQFOXGLQJ A. indica V. negundo C. collinus
DQG J. curcas DQG WKHQ XVHG IRU FRZSHD VHHGV
VWRUDJH WKH HJJ OD\LQJ UDWHV E\ WKH C. maculatus
DGXOW HPHUJHQFH DQG VHHG GDPDJH ZHUH UHGXFHG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO$UWLFOH 5DMD et al  UHSRUWHG WKDW ZKHQ SXOVHV ZHUH
VWRUHG LQ JXQQ\ EDJV WUHDWHG ZLWK DTXHRXV H[WUDFW
IURP OHDYHV RI Melia azadirachta Hyptis
suaveolens DQG WXEHUV RI Cyperus rotundus WKH\
HIIHFWLYHO\ SURWHFWHG VWRUHG SXOVHV ZLWKRXW DQ\
LQIHVWDWLRQ IRU XS WR  PRQWKV ,Q FRQWUDVW RXU
UHVXOWV VKRZ WKDW EDEODK ZRRG DVK VKRZHG WKH PRVW
UHVLGXDOWR[LFLW\RIWKHWHVWHGSODQWSURGXFWV
Direct toxicity
%KDGXUL et al  IRXQG WKDW WKH OHDI H[WUDFW RI
EDQNDOPL KDG LQVHFWLFLGDO SURSHUWLHV DJDLQVW SXOVH
EHHWOH 2WKHU UHVHDUFKHUV VKRZHG WKDW GLIIHUHQW
ERWDQLFDO H[WUDFWV FRXOG EH XVHG IRU WKH FRQWURO RI
SXOVH EHHWOH 2JXQZROX DQG ,GRZX  VKRZHG
WKDW  SRZGHUHG VHHG RI A. indica ZHUH WR[LF WR
C. maculatus 0EDWD et al  UHSRUWHG WKDW
GXVW DQG HWKHUH[WUDFW IURP WKH VHHGV RI WKH EURZQ
SHSSHU ZHUH HIIHFWLYH LQ HQKDQFLQJ WKH PRUWDOLW\ RI
C. maculatus DGXOWV LQIHVWLQJ FRZSHD VHHGV .LP et
al  VKRZHG WKH SRWHQW LQVHFWLFLGDO DFWLYLW\ RI
H[WUDFW IURP FLQQDPRQ Cinnamomum cassia EDUN
DQG RLO KRUVHUDGLVK Cocholeria aroracia RLO DQG
PXVWDUG Brassica juncea RLO DJDLQVW C. chinensis,
ZLWKLQ  GD\ DIWHU WUHDWPHQW 2NRQNZR DQG 2NR\H
 UHSRUWHG WKDW HVVHQWLDO RLOV RI Dennettia
tripetela DQG EURZQ SHSSHU Piper guineense
DFKLHYHG  PRUWDOLW\ RI DGXOWV RI C. maculatus
LQ  K 0XODWX DQG *HEUHPHGKLQ  UHSRUWHG
WKDW HXFDO\SWXV VHHG SRZGHU WUHDWPHQW FDXVHG WKH
GHDWK RI HPHUJLQJ DGXOW RI Callosobruchus
chinensis ,Q FRQWUDVW WR WKHVH VWXGLHV RXU UHVXOWV
VKRZHG WKDW QLVKLQGD DFHWRQH H[WUDFWV ZHUH WKH
PRVWWR[LF
Effects of oils on seed germination
'DV  2QX 	 $OL\X  DQG .HLWD et al
 UHSRUWHG WKDW VHHGV WUHDWHG ZLWK ERWDQLFDO
H[WUDFW RLOV GLG QRW ORRVH WKHLU YLDELOLW\ 2QX DQG
$OL\X  UHSRUWHG WKDW WKRXJK YDULRXV SHSSHU
SRZGHUV ZHUH HIIHFWLYH LQ UHGXFLQJ RYLSRVLWLRQ DQG
GDPDJH RI C. maculatus VHHG TXDOLW\ DQG YLDELOLW\
ZHUH QRW DIIHFWHG .HLWD et al  UHSRUWHG WKDW
SRZGHUV PDGH IURP HVVHQWLDO RLOV RI GLIIHUHQW EDVLOV
SURYLGHG FRPSOHWH SURWHFWLRQ DJDLQVW C. maculatus
DQG DOVR GLG QRW VKRZ VLJQLILFDQW HIIHFW RQ WKH VHHG
JHUPLQDWLRQ UDWH 2XU UHVXOWV FRQILUPHG WKHVH
VWXGLHV
Conclusions
7KH ILQGLQJV RI WKH SUHVHQW LQYHVWLJDWLRQV LQGLFDWH
WKDW ERWDQLFDO GHULYDWLYHV PLJKW EH XVHIXO DV LQVHFW
FRQWURO DJHQWV IRU FRPPHUFLDO XVH $OO RI WKH WKUHH
SRZGHUV DQG H[WUDFWV WHVWHG ZHUH HIIHFWLYH WR VRPH
GHJUHH LQ UHGXFLQJ WKH RYLSRVLWLRQDO SUHIHUHQFHV
DQG LQFUHDVLQJ WKH LQKLELWLRQ UDWHV 6LJQLILFDQWO\
IHZHU ) DGXOWV HPHUJHG IURP IRRG WUHDWHG ZLWK
H[WUDFWV DQG SRZGHUV 7KH KLJKHVW ) SURJHQ\
LQKLELWLRQ ZDV REVHUYHG LQ EODFN JUDP VHHGV WUHDWHG
ZLWK DFHWRQH H[WUDFWV RI QLVKLQGD OHDYHV %DEODK DVK
SURYLGHG EHWWHU SURWHFWLRQ WKDQ WKUHH RWKHU
SRZGHUV 7KH QHHP RLO ZDV WKH PRVW HIIHFWLYH
DPRQJ WKUHH RLOV 7R PLQLPL]H WKH VHYHUH GDPDJH
FDXVHG E\ LQVHFW SHVWV WKH WUDGLWLRQDO XVH RI SODQW
SURGXFWV SURYHG WR EH KLJKO\ HIIHFWLYH DJDLQVW
VWRUHGSURGXFW LQVHFWV $SSOLFDWLRQ RI
SODQWYHJHWDEOH RLOV WR JUDLQ VHHGV IRU VWRUDJH LV DQ
LQH[SHQVLYH DQG HIIHFWLYH WHFKQLTXH DQG LWV HDV\
DGDSWDELOLW\ ZLOO JLYH DGGLWLRQDO DGYDQWDJHV OHDGLQJ
WR DFFHSWDQFHV RI WKLV WHFKQRORJ\ E\ IDUPHUV $
VWXG\ WR LPSURYH WKH HIIHFWLYHQHVV RI ERWDQLFDO
GHULYDWLYHV DV LQVHFWLFLGHV ZLOO EHQHILW DJULFXOWXUDO
VHFWRUV RI GHYHORSLQJ FRXQWULHV DV WKHVH VXEVWDQFH
DUH QRW RQO\ RI ORZ FRVW EXW DOVR KDYH OHVV
HQYLURQPHQWDO LPSDFW LQ WHUP RI LQVHFWLFLGDO
KD]DUG
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